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a b s t r a c t
The composition, diversity and spatial distribution pattern ofwoody specieswere analyzed
along the vertical profile of a tropical wet evergreen forest in Bangladesh. The forest stand
consisted of five vertical strata. The species composition was moderately similar among
the strata, while the highest degree of similarity was between fourth and bottom strata.
Bursera serrataWall. ex Colebr.was themost dominant species, andmay be typically climax
species together withMicrocos paniculata L. ex W & A. andMaesa ramentaca (Roxb). A. DC
in terms of their high importance values. Species–area relationships depict compositional
instability of the present forest, because expectedmaximumnumbers of species (165)were
four times higher than the recorded numbers of species (40) for the total stand. Smaller
species richness in the upper strata was compensated by greater species evenness (Pielou’s
index J ′ ), resulting in almost constant Shannon’s indexH ′ across the strata. It indicates each
stratum may have the same role in maintaining high woody species diversity. The rate
of equality of individuals among the different species decreased with increasing species
richness due to decrease of J ′ from the top stratum downward. The distribution pattern of
the entire standwas greatly influenced by the aggregated distribution of themajority of the
juveniles those mainly appeared in the bottom stratum. However, vertical strata shared a
mixed distribution pattern of random and aggregate which followed from the upper strata
to downward. This type of distribution pattern for stratified stand is probably consistent in
tropical forests.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Biodiversity and species diversity are widely used terms in ecology and natural resource management (Hurlbert, 1971;
Kaennel, 1998; Schulze and Mooney, 1994; Do et al., 2015). Biodiversity is a key issue in nature conservation (Wilson,
1988), and species diversity is an important component of biodiversity (Itô, 1997). Tree species diversity is fundamental
to overall forest biodiversity, because trees provide resources and habitats for almost all other forest species. In addition,
structural diversity measured as variation across a vertical stand profile also appears to be a good ecological indicator
of the conservation of woody species diversity (Koop, 1989; Neumann and Starlinger, 2001). Hozumi (1975) proposed a
mathematicalmodel for analyzing the vertical stratification of forest stands (M–wdiagram), and Feroz et al. (2006) developed
an objective method for distinguishing boundaries among strata in the M–w diagram. Using this methodology, they found
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that subtropical evergreen broadleaf forests in the southern part of Japan and China consisted of four or five strata (Hozumi,
1975; Feroz et al., 2006, 2009; Min et al., 2010). Species diversity and development of vertical stratification both increase
along the latitudinal thermal gradient from higher latitudes to the tropics (Hozumi, 1975; Yamakura, 1987; Kira, 1991;
Ohsawa, 1995; Kimmins, 2004). In addition, the degree of vertical stratification is an important factor for maintaining higher
woody species diversity (Feroz et al., 2006, 2008), because a particular layer’s species could contribute high species diversity
for an entire stand. For instance, conservation of small trees in the lower layers, especially the bottom layer, is indispensible
for sound maintenance of evergreen broadleaf forests in the southern part of Japan (Feroz et al., 2006).
The topography of Bangladesh is mostly low and flat. The floodplain and terraces account for about 88% of the land
area, whereas hills occupy only 12% (FAO, 1988). The Chittagong Hill Tracts (CHTs) region is the major hill range of the
country located in the southeast bordering India and Myanmar. It covers only 10% of the total land area of the country, but
possess country’s one-third of the flowering plant species. Phyto-geographically, Chittagong and CHTs show an admixture
of Indo-Chinese floristic elements. The forests of this region may be broadly classified into tropical wet evergreen, semi
evergreen and deciduous types. Commercial tree plantations, illegal logging, dam mega-projects, and forced displacement
are responsible for the accelerated destruction of the valuable ecosystems and biodiversity of this region. Rubber, teak and
eucalyptus plantations for export have provoked negative ecological effects and convert the forests into degraded forest land.
Nevertheless, natural patches still exist in some places of the tropical wet evergreen forest in Kaptai National Park, CHTs.
These patches would be precious in view of floral diversity for the conservation of the whole forest biodiversity. Thus, they
offer unique opportunities for observing the floristic composition, woody species diversity and structural aspect of tropical
forest.
Most vegetation surveys of the natural forest in Kaptai National Park, CHTs focused only on understory (Uddin andHassan,
2012; Feroz et al., 2014). Therefore, canopywoody species, including saplings, were omitted. However, the upper vegetation
stratum, which is influenced by the understory woody species (through the modification of resource availability, e.g. light,
water, and soil nutrients) (Barbier et al., 2008), is also a very important component of forest species composition, diversity,
and structure.Moreover, there is no study in Bangladesh forest that reports the vertical stratification and its effect on floristic
composition, woody species diversity and spatial distribution pattern of trees. Therefore, the aims of this study were (1) to
distinguish vertical stratification of the forest, and (2) to quantify composition, diversity and spatial distribution of woody
species on the basis of vertical stratification.
2. Materials and methods
2.1. Study site and sampling
The studywas conducted in a tropicalwet evergreen forest, located at Kaptai National Park (22◦29.99′ Nand92◦10.722′ E)
in Chittagong Hill Tracts of Bangladesh (Fig. 1). This area belongs to Kaptai forest range under themanagement of Rangamati
south forest division. The forest is also known as Rampahar reserve forest declared in 1875 (Anonymous, 1960). It is a
secondary forest with mature stand (Fig. 2). An operation of clear-cutting in this region has been done approximately 80
years ago. The canopy in this forest is evergreen with dense coverage. Subsoil is yellowish brown to strong brown and
strongly structured. Loamy soil developed on consolidated or semi consolidated siltstone, sandstone and clayey on shale’s.
Soil on the high hill is excessively drained and less than 1mdepth. The soil pH range lies between 4.5 and 6.0. The country has
a sub-tropical monsoon climatewith a distinct dry season. Although there are six seasons in a year, three seasons viz. winter,
summer and monsoon are prominent. In the winter (November–February) the temperature varies from 5◦ to 23 ◦C, in the
summer (March–June) themaximum temperature shoots up to 40 ◦Cwhilemonsoon starts in July and persists until October
(FAO, 1988). Themeanmonthlyminimum temperature and themeanmonthlymaximum temperature are respectively 24.3
± 0.3 (SE) ◦C in December and 34.8 ± 0.5 (SE) ◦C in May. Mean annual temperature was 29.6 ± 0.4 (SE) ◦C. The warmth
index was 295.2 ± 1.2 (SE) ◦C month, which was >240 ◦C month of the tropical region defined by Kira (1977). The mean
annual rainfall is 2535 ± 125 (SE) mm. The mean annual humidity is about 80%. Most of the evaporation is concentrated
in the dry season. The average annual evaporation is about 500 mm. The maximum wind velocity recorded is 96.54 km/h
(FAO, 1988).
A sample plot was established in the middle portion of the mountain in CHTs as a representative stand of the forest, and
had an area of 1600m2 ( 40× 40m)whichwas divided into 64 quadrats of equal size ( 5× 5m) (Fig. 2). The plot is relatively
small, but is sufficiently large for the analysis of forest stratification by the method of Hozumi (1975); the preceding studies
have used sample area of 400–1225 m2 (Hozumi, 1975; Feroz et al., 2008; Min et al., 2010; Feroz et al., 2015). The altitude
of the plot, which faced to the South with a slope of 31.2◦, was 253m above sea level. All woody plants (tree height H > 0.10
m) present in the study plot were identified and recorded to species by local name with the help of experienced personnel
of Bangladesh Forest Department. Image plates were prepared for voucher specimens that could not be identified in situ.
Every such specimen was tagged and given a unique identification code. Later local named species and voucher specimens
were confirmed to identify up to species level using available literature (e.g. Das and Alam, 2001; Khan et al., 2001; Dey,
2006; Ahmed et al., 2009) and matching with the collections preserved in the Bangladesh National Herbarium as well as
with the images available in the website. The measurements obtained for the area were: tree height (H) and stem diameter
at a height of one-tenth of tree height (D0.1H ). Multi-stemmed individuals were measured separately and treated as separate
trees.
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Fig. 1. Location map of the study site (open circle with black outline) in a tropical wet evergreen forest in Kaptai National Park of Chittagong Hill Tracts
(CHTs), Bangladesh.
Fig. 2. Photographs of the study site in a tropical wet evergreen forest in Kaptai National Park of CHTs, Bangladesh. Top left one for a view of forest stand,
top right one for a layout of the study plot, lower left one for a measurement of D0.1 (diameter at 10% height of a tree) and height of a seedling using slide
caliper and lower right one for a sloping ground inside the study plot.
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2.2. Data analysis
2.2.1. Vertical stratification
The M–w diagram proposed by Hozumi (1975) was used to identify the multi-strata structure of the forest stands. Tree
weight (w) was assumed to be proportional to the function of diameter and height (i.e. D0.1H2 H whose unit is cm2 m ).
Average tree weight (M) of a group from the maximum tree weight was calculated using the method proposed by Feroz
et al. (2006, 2009). Segments (vertical strata: specific characteristics of the beta-type distribution designated by Hozumi
(1975)) are formed in coordinate spacewhen aM–wdiagram is constructed by plotting values ofM against the corresponding
values ofw on logarithmic coordinates. He pointed out that the segments on theM–w diagram can be represented by either
Eq. (1) M = Aw + B or Eq. (2) M = Cwb, where A, B, C, and b are coefficients. Vertical strata also can be represented in
some aspect in which trees are packed into three-dimensional space distinct as forest stand (Feroz et al., 2009). Using the
method proposed by Feroz et al. (2006, 2008), the boundary between vertical strata was distinguished by the relationships
of the first derivative S1(=dln M/dln w) and the second derivative S2(=dln S1/dln w) with respect to w on the M–w
diagram.
2.2.2. Species composition and diversity
Importance value IV (%) of the species was computed using the formula suggested by Curtis and McIntosh (1951) to
determine the dominant species in the forest. Species overlap between strata was calculated using a species similarity index
CΠ (see Morishita, 1959; Horn, 1966; Kimoto, 1967). A similarity index of 1.0 means that the numbers of individuals of all
corresponding species between strata are the same, i.e. the floristic composition is the same between strata,while an index of
0.0 means no species are shared between strata. Dendrograms were constructed to analyze the degrees of floristic similarity
among layers (see Mountford, 1962), or un-weighted pair-group method using arithmetic averages (see Sneath and Sokal,
1973). The expected number of species from a certain number of randomly selected quadrats among the total number of
quadrats was calculated using the equation proposed by Shinozaki (1963). The expected numbers of species were obtained
for 1, 2, 4, 8, 16, 32 and 64 quadrats in the forest. Shannon’s H ′ index (MacArthur and MacArthur, 1961) was employed to
calculate the woody species diversity and Pielou’s J ′ index (Pielou, 1969) for woody species evenness or equitability.
2.2.3. Spatial distribution pattern of trees
The unit-size
∗
mu/mu index for successive changes of quadrat sizes (Iwao, 1972) was used to analyze the spatial
distribution of trees. The mean density (mu) and mean crowding (
∗
mu) were defined in the preceding study (see Feroz et
al., 2015). The total number of quadrats (qu) were 64, 32, 16, 8, 4 and 2 respectively for the quadrat sizes (u) of 1 (5× 5 m),
2, 4, 8, 16 and 32. If the basic component of the spatial distribution is a single individual tree, individual trees are considered
to be randomly distributed when
∗
mu/mu index, i.e., the ratio of mean crowding to mean density is 1, aggregately distributed
when
∗
mu/mu > 1, and uniformly distributed when
∗
mu/mu < 1 for any quadrat size. A significant difference of observed
distribution from the Poisson model of random distribution was tested by F-test (Morishita, 1959).
3. Results
3.1. Vertical stratification
TheM–w diagram (Fig. 3a) of the present forest stand comprised five phases (Fig. 3b), ofwhich the first, second, fourth and
the fifth are described by Eq. (1) i.e. type I of the C–D curve tribe that contains eight types (Shinozaki and Kira, 1961), while
the third phase is described by Eq. (2), i.e. a power function. As a result, it was confirmed that this forest composed of five
vertical strata. Fig. 3c shows that the extremities, represented by arrows, apparently emerge from the S2− lnw relationship.
The tree weights at the boundaries between strata were estimated to be 7205.08, 426.78, 9.76 and 2.26 cm2 m.
The relationship between tree height (H) and weight (w) determined using Eq. (3) 1H = 11.12w0.35 + 111.52 proposed by Kira
and Ogawa (1971) is in Fig. 4, where the estimated maximum tree height was 11.52 m. The rank of tree height correlated
well with that of tree weight (spearman’s rank correlation coefficient rs = 0.94, t = 115.88, P < 0.001). The heights of
the boundaries from top to downward were determined as 12.76 m, 6.86 m, 2.27m and 1.4 m by substituting the respective
tree weights (w) at boundaries obtained using the Eq. (3). Therefore, the height range was 12.76 < H = 24.5 m for the top
stratum, 6.86 < H = 12.76 m for the second, 2.27 < H = 6.86 m for the third, 1.4 < H = 2.27 m for the fourth and
0.1 < H = 1.4 m for the bottom stratum.
3.2. Floristic composition and species diversity
A total of 40 species in 25 families and 37 genera with 3148 (i.e. 19,675 ha−1 ) woody individuals were recorded from
the 1600 m2 plot. Euphorbiaceae and Moraceae were most species rich families, with four species each. Castanopsis, Ficus
and Terminalia were most species rich genera, with two species each. Only 12.5% (5/40) of all the recorded species had one
individual each. Bursera serrataWall. ex Colebr. was the most dominant species in terms of the highest IV (14%) in the entire
forest stand. For stratification B. serrata,Microcos paniculata L. exW&A. andMaesa ramentaca (Roxb). A. DC appeared in each
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Fig. 3. Relationships of mean tree weight M (a), the first derivative S1(b) and the second derivative S2(c) to tree weight w on logarithmic coordinates. In
the M–w diagram, the regression curve for the top, second, and bottom strata are given by Eq. (1), where A = 0.82 and B = 35384 cm2 m (R2 = 0.96)
for the top stratum; A = 3.28 and B = 13,261 cm2 m (R2 = 0.99) for the second stratum; A = 343.79 and B = 1795.1 cm2 m (R2 = 1) for the fourth
stratum; A = 860.51 and B = 404.02 cm2 m (R2 = 1) for the bottom stratum. The regression curve for the third stratum is given by Eq. (2), where
C = 2779.6 cm2−b m1−b and b = 0.27 (R2 = 0.92).
Fig. 4. Relationship between tree height H and weight w in a tropical wet evergreen forest in Kaptai National Park of CHTs in Bangladesh. The regression
curve is given by Eq. (3), where R2 = 0.92. Filled circles, top stratum (12.76 < H = 24.5); open circles, second stratum (6.86 < H = 12.76); open diamonds,
third stratum (2.27 < H = 6.86); filled diamonds, fourth stratum (1.4 < H = 2.27); open squares, bottom stratum (0.1 < H = 1.4).
stratumwith considerably higher importance values. Although Trema orientalis (L.) Bl. was the seventh dominant species for
the IV (7.5%), it appeared only in the top stratum with the fourth highest IV (13%), but disappeared in the other four strata.
Out of the total species, 73%, 73%, 72%, 57% and 35% species were respectively absent in the top, second, third, fourth and
bottom strata.
Number of species found in each stratum decreased from the top strata downward (Table 2). The values of Shannon’s
index H ′ were almost constant across the five strata, whereas the values of Pielou’s index J ′ decreased consistently from the
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Table 1
List of species in rank order determined by importance value for total stand and all strata in a tropical wet evergreen forest in Kaptai National Park of
Chittagong Hill Tracts (CHTs) in Bangladesh
Species Species Family Importance value (%)
Rank Total
Stand
Top
stratum
Second
stratum
Third
stratum
Fourth
stratum
Bottom
stratum
1 *Bursera serrataWall ex Colebr. Burseraceae 13.8 13.0 34.5 12.7 15.0 9.7
2 Streblus asper Lour. Moraceae 10.6 4.3 0.0 8.5 8.6 14.4
3 * Castanea indica Roxb. Fagaceae 9.8 3.8 4.4 0.0 9.7 14.7
4 Microcos paniculata L. ex W & A Tiliaceae 9.7 3.9 13.3 18.5 22.7 12.5
5 Cassia siamea Lam. Caesalpiniaceae 9.2 14.3 0.0 2.7 20.9 6.6
6 Maesa ramentacea (Roxb). A. DC Primulaceae 7.9 4.5 6.7 18.6 7.9 9.7
7 Trema orientalis (L.) Bl. Ulmaceae 7.5 13.0 0.0 0.0 0.0 0.0
8 Tectona grandis L. f. Verbenaceae 5.2 14.1 8.9 3.6 0.0 0.4
9 Meliosma simplicifolia (Roxb.) Walp Sabiaceae 4.6 0.0 6.0 18.1 4.2 3.3
10 * Lagerstroemia speciosa (L.) Pers. Lythraceae 4.2 18.0 8.0 1.0 0.0 0.2
11 Pterospermum acerifolium (L.) Willd Malvaceae 3.8 3.7 0.0 8.4 1.9 5.7
12 Terminalia crenulata (Heyne) Roth. Combretaceae 3.3 7.4 0.0 0.0 0.8 0.2
13 Anogeissus acuminata
(Roxb. ex DC.) Guillaum. & Perr.
Combretaceae 1.3 0.0 0.0 0.9 1.4 1.5
14 *Vitex glabrata R.Br. Lamiaceae 1.1 0.0 0.0 2.6 0.6 1.3
15 Baccaurea ramiflora Lour. Euphorbiaceae 1.1 0.0 0.0 0.0 0.0 1.7
16 Syzygium fruticosum (Roxb.) DC Myrtaceae 1.0 0.0 0.0 0.0 0.9 11.9
17 Toona ciliataM. J. Roem. Meliaceae 0.9 0.0 3.5 0.0 0.0 0.7
18 Dioscorea deltoideaWall. ex Griseb. Dioscoreaceae 0.8 0.0 0.0 0.0 1.5 0.9
19 Caesalpinia bonduc (L.) Roxb. Leguminaceae 0.7 0.0 6.7 0.0 0.0 0.0
20 Phyllanthus emblica L. Euphorbiaceae 0.4 0.0 0.0 0.0 0.0 0.5
21 Ficus racemosa L. Moraceae 0.3 0.0 0.0 4.4 0.0 0.0
22 Crateva magna (Lour.) DC. Capparaceae 0.3 0.0 3.7 0.0 0.0 0.2
23 Quercus armata Roxb. Fagaceae 0.3 0.0 0.0 0.0 0.0 0.4
24 *Tetramelies nudiflora R.Br. Tetramelaceae 0.3 0.0 4.3 0.0 0.0 0.2
25 Aporosa oblongaMüll. Arg Euphorbiaceae 0.3 0.0 0.0 0.0 0.0 0.4
26 Holarrhena antidysenterica (Roxb. Ex
Fleming) Wall. ex A. DC.
Apocynaceae 0.3 0.0 0.0 0.0 0.7 0.2
27 Artocarpus chaplasha Roxb Moraceae 0.3 0.0 0.0 0.0 1.3 0.2
28 Callicarpa arborea Roxb. Lamiaceae 0.3 0.0 0.0 0.0 0.0 0.4
29 Walsura robusta Roxb. Meliaceae 0.3 0.0 0.0 0.0 0.0 0.3
30 Ficus hispida Roxb. ex Wall. Moraceae 0.2 0.0 0.0 0.0 1.3 0.0
31 Semecarpus anacardium L.f. Anacardiaceae 0.2 0.0 0.0 0.0 0.0 0.3
32 Spondias pinnata (L.F.) Kurz Anacardiaceae 0.2 0.0 0.0 0.0 0.0 0.3
33 Trewia nudiflora L Euphorbiaceae 0.1 0.0 0.0 0.0 0.0 0.2
34 Podocarpus neriifolius D.Don Podocarpaceae 0.1 0.0 0.0 0.0 0.0 0.2
35 Litsea polyantha Juss Lauraceae 0.1 0.0 0.0 0.0 0.5 0.0
36 Oroxylum indicum (L.) Benth. ex Kurz Bignoniaceae 0.1 0.0 0.0 0.0 0.0 0.2
37 Diospyros peregrina (Gaertn.) Gürke Ebenaceae 0.1 0.0 0.0 0.0 0.0 0.2
38 Dipterocarpus turbinatus C.F.Gaertn Dipterocarpaceae 0.1 0.0 0.0 0.0 0.0 0.1
39 Adhatoda vasica Nees Acanthaceae 0.1 0.0 0.0 0.0 0.0 0.1
40 Terminalia chebula (Gaertner) Retz. Combretaceae 0.1 0.0 0.0 0.0 0.0 0.1
Note: ‘‘*’’ in the species indicates deciduous species.
top stratum downwards. Therefore, lower species richness in the upper strata was compensated by greater evenness (J ′),
resulting in almost constant H ′across the strata.
3.3. Species similarity and species–area relationship
The species similarities among strata were classified using the dendrogram of the similarity index CΠ (Fig. 5). The highest
similarity in floristic composition was marked between the fourth and the bottom strata and was 0.75. The second and third
highest similarities, respectively, were observed between the fourth+bottom and the third strata (CΠ = 0.69), and between
the third+ fourth+bottom and the second strata (CΠ = 0.58). The lowest CΠ -value of 0.56 was observed between the top
and the lower four strata.
As shown in Fig. 6, the expected number of species increased with increasing number of quadrats. The relationships of
the expected number of species Sq to the number of quadrats q in each stratum and the total stand were well approximated
by the Eq. (4) 1Sq = 1cqd + 1Smax proposed by Ogawa (1980); cf. Hagihara (1995), where c and d are coefficients, and Smax is
the expected maximum number of species. The Smax in the entire stand was estimated to be 165. The Smax increased from 27
in the top stratum to 41 in the second stratum, but decreased to 15 in the third stratum, and again increased tremendously
from 36 in the fourth stratum to 128 in the bottom stratum. Therefore, the bottom stratum contained the highest potential
number of species.
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Fig. 5. Dendrogram of the degree of similarity CΠ in species composition among the strata) in a tropical wet evergreen forest in Kaptai National Park of
CHTs in Bangladesh.
Fig. 6. Species—area relationships (area of one quardrat: 5 × 5 m) in a tropical wet evergreen forest in Kaptai National Park of CHTs in Bangladesh.
Filled square symbols stand for the total stand (0.00 < H = 24.5) and other symbols are the same as in Fig. 4. The curve are given by the Eq. (4) where
c = 10.1, d = 0.61 Smax = 164.62 (R2 ∼= 1) for the total stand; c = 0.51, d = 0.99 and Smax = 27.70 (R2 ∼= 1) for the top stratum; c = 0.56, d = 1.0
and Smax = 41.74 (R2 ∼= 1) for the second stratum; c = 2.09, d = 0.96 and Smax = 14.78 (R2 ∼= 1) for the third stratum; c = 3.35, d = 0.74 and
Smax = 26.36 (R2 ∼= 1) for the fourth stratum; c = 7.54, d = 0.49 and Smax = 127.82 (R2 ∼= 1) for the bottom stratum.
3.4. Spatial distribution of trees
The spatial distribution patterns of the top and second strata showed completely random distributions (P > 0.1) at all
quadrat sizes, because the
∗
mu/mu index for any quadrat size did not show any difference from the Poisson model of random
distribution (Table 3). However, the third and fourth strata showed amixed distribution patterns, of which the third stratum
showed random distributions at 25, 50, 200 and 400 m2 quadrat sizes and aggregated distributions at 100 m2 and 800 m2
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Table 2
Diversity indices in each stratum and total stand in a tropical wet evergreen forest in Kaptai National Park of CHTs in Bangladesh
Strata Height range (m) No. of trees ( ha−1 ) No. of species ( plot−1 ) H ′ (bit) J ′
Top 12.76 < H = 24.5 222 11 3.21 0.93
Second 6.86 < H = 12.76 233 11 3.20 0.92
Third 2.27 < H = 6.86 967 12 3.11 0.87
Fourth 1.4 < H = 2.27 2233 17 3.11 0.76
Bottom 0.1 < H = 1.4 16020 34 3.23 0.63
Total stand 0.1 < H = 24.5 19675 40 3.53 0.60
Table 3
The unit-size
∗
mu/mu index for successive changes of quadrat sizes (those significantly dif-
ferent from random distribution at P < 0.05 with asterisks) in spatial distribution of trees
in a tropical wet evergreen forest in Kaptai National Park of CHTs in Bangladesh.
Strata
∗
mu/mu
25 m2 50 m2 100 m2 200 m2 400 m2 800 m2
Top 1.08 1.17 0.99 0.81 0.87 0.91
Second 0.97 1.14 1.10 1.06 0.98 0.91
Third 1.13 1.12 1.11 * 1.02 1.04 1.06 *
Fourth 1.13 * 1.09 * 1.08 * 1.02 1.00 1.00
Bottom 1.20 * 1.15 * 1.12 * 1.04 * 1.02 * 1.01 *
Total stand 1.14 * 1.10 * 1.07 * 1.04 * 1.03 * 1.01 *
quadrat sizes, while the fourth stratum showed aggregated distributions at small quadrat sizes (50–100 m2 ) and random
distributions at large quadrat sizes (200–800 m2 ). The bottom stratum showed completely aggregated distributions (P <
0.05) at all quadrat sizes and this pattern was also found in the total stand.
4. Discussion
The species compositionwas similar between the fourth and bottom strata, while the compositions of the top and second
strata weremoderately similar with those of these strata (Fig. 4). This would be because the lower two strata consist of many
individuals of shade species (understory species) and a relatively small number of juveniles of climax species, whereas the
top stratum consists of many individuals of light demanding species (shade-intolerant species) and relatively small number
of adults of climax species. Bursera serrataWall. ex Colebr. was themost dominant species as well as typically climax species,
because it appeared with the highest and tremendously high importance values respectively in the total stand and in all
strata (Table 1). Microcos paniculata L. and Maesa ramentaca Roxb. may also be the true climax species, as they appeared
in all strata with considerably high importance values. In addition, Streblus asper Lour. and Castanea indica Roxb. showed
greater importance value in total stand andwell represented in lower strata, resulting their climax status. On the other hand,
Trema orientalis (L.) Blumewas typically a light demanding species as it appeared only in the top stratumwith only one large
individual having the second highest importance value (Table 1). This phenomenon may indicate shade-intolerance for T.
orientalis, i.e. early successional species (pioneer species), and also indicate a sign of extinction in the future. In addition,
many species are represented by few individuals as suggested by Table 1, and these species also may disappear in future.
However, it is equally likely that new species enter in this forest by seed dispersal from the surrounding forest as the expected
maximum number of species for total stand (165) was four times larger than the recorded total number of species (40). Thus
species composition and diversity of this forest may fluctuate with time by the imbalance between local extinction and
immigration.
Generally, the lower strata contain many species relative to their small height ranges, and the lower strata support the
high species richness of a forest (Feroz et al., 2006). For example, 85% of the total species and 81% of the total number of
individuals were within a thin bottom stratum that was 1.3 m deep (Table 2). The present forest has considerably high
species diversity (H ′ = 3.53) which observed more or less similar in the strata. On the other hand, the values of J ′ gradually
decreased from the top stratum downward. This trend may indicate the rate of equality of individuals among the different
species decreased with increasing species richness.
The present result demonstrated a combined distribution pattern of random and aggregate that later segregated from
the upper strata to downward, e.g. completely random distributions in the top and second strata, a mixture of random and
aggregated distributions in the third and fourth strata, and completely aggregated distributions in the bottomstrata (Table 3).
The distributions of the total stand at all quadrat sizes was greatly influenced by the aggregated distributions of themajority
of the juveniles (80% of the total number of individuals) which especially appeared in the bottom stratum (Table 2). This
type of distribution pattern of the total stand is consistent with increasing evidence that most tree species in tropical forests
have aggregated distributions (Hubbell, 1979; He et al., 1997; Okuda et al., 1997; Condit et al., 2000). In addition, most of
the dominant species at juvenile stage having aggregated distribution may have characteristics to make clump and these
may also be dominant in the fourth and third strata (Table 1). Thus, the fourth and third strata partly showed aggregated
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distribution. On the other hand, only few dominant species at the juvenile stage having random distribution may grow up
to the fourth and third strata, but these may be mainly dominant in the second and top strata. As a result, the second and
top strata showed complete random distribution with other species whose distribution pattern was also random.
5. Conclusion
Despite many disturbances, some places of the Chittagong Hill Tracks region have been growing in natural formation.
In this formation, as far as our investigation shows tropical wet evergreen forest is generally made up five strata and this
result supports the statement developed by Hozumi (1975), Yamakura (1987), Kira (1991), Ohsawa (1995) and Kimmins
(2004). The local extinction and immigration nature of species may indicate structural instability of the species composition
in the present forest. Diversity indices show there is no particular stratum which has a tremendous contribution in
maintaining high woody species diversity. Thus maintenance of all strata may be indispensible for conservation of entire
forest biodiversity. The distribution pattern of the entire stand was greatly influenced by the aggregated distributions of
the majority of the juveniles those mainly appeared in the bottom stratum. Nonetheless, extensive in-depth long term
investigation as well as more sampling plots in this tropical region needs to be further studied to generalize the formation
of tropical wet evergreen forest with the quantity of vertical strata and to explore maximum species richness and diversity.
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